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ABSTRACT  
It is generally accepted that the capacity of a country’s information and communication technology capability can potentially 
bring about development. While this has been true in some countries, the same benefits to economic development from ICT 
infrastructures have not accrued in other countries. This is particularly the case with emerging economies as their populations 
with low to middle capita incomes are particularly susceptible to opportunities and risks brought about by ICTs. There is still 
much to be known about why this is the case. This paper makes a contribution in that direction by classifying a set of 
countries based on their ICT infrastructures, skills and growth rates. It analyzes a dataset of 183 countries using a k-Means 
multivariate clustering technique to arrive at a classification of countries. A comparative analysis of the clusters revealed that 
ICT infrastructure and skills are interrelated and comprise ICT capacity. The analysis suggests that economic growth does not 
always follow the existence of ICT capacity in emerging economies but skills do effect their ability to grow from their ICT 
infrastructures. The clusters were mapped based on their ICT capacity and growth to highlight the differences in their ICT 
capacity. The contribution of the paper is in the development of the ICT Capacity construct and in uncovering two types of 
emerging economies with two different levels of ICT capacity. This has implications for further investigation of how ICT 
infrastructures are used to develop and source skills from emerging economies. 
Keywords 
Emerging economies, Information and Communication Technology capacity, economic development, skills, networks. 
 
INTRODUCTION 
The increasing globalization of the world economy has meant that countries are becoming more dependent upon each other 
for resources. The term “Emerging Economy” was coined in 1981 by Antoine W. van Agtmael of the International Finance 
Corporation of the World Bank, and is defined as an economy with low-to-middle per capita income. Countries that are 
classified as emerging economies (EME) constitute approximately 80% of the global population, representing about 20% of 
the world's economies. In their special issue of IT Investments in Emerging Economies for the Information Technology for 
Development Journal, Roztocki and Weistroffer (2008) argue that no country is bound to poverty indefinitely but rather they 
are in control of their economic future and able to advance by developing an industrial and commercial base. It is suggested 
that emerging economies are countries or regions that are gradually migrating or emerging from developing to developed 
status largely through processes of economic liberalization and regulatory reform (Arnold & Quelch 1998, Roztocki and 
Weistroffer 2008). There has been little research into the role of Information Technologies in supporting the growth of 
emerging economies (Roztocki and Weistroffer 2008). At the same time it has become clear that these economies have 
become competitive participants in global markets because of the innovative ways in which they use ICTs (Roztocki and 
Weistroffer 2008, Roller and Waverman 2001, Freeman 2004, Qureshi et al 2007). Research in IT for Development provides 
specific insight into ways in which Information Technology Capacity can be developed. This area of research has 
implications for increasing the relevance of areas such as adoption and diffusion of IT (Davis, 1989, Venkatesh et al 2003), 
and developing methods and approaches for implementing IS for global environments; and has relevance for managing 
dispersed collaborative environments in a variety of contexts including off-shore outsourcing (Tractinsky and Jarvenpaa 
1995, and Keen and Qureshi 2006). In drawing upon the above research, the adoption and use of IT in developing countries has 
been seen to bring about development in countries and economies as they relate to each other (Qureshi 2005, Cecchini and Scott 
2003, Steinberg 2003, Qiang et al 2003, and Avgerou 1998). This suggests that ICT Capacity is being used to stimulate 
infrastructures for innovative communication using mobile and internet technologies to access resources, markets and increase the 
competitiveness of countries. A World Bank definition suggests that the term ICT “… comprises hardware, software, networks, 
and media for the collection, storage, processing, transmission and presentation of information” (World Bank 2003, p.1). This 
term denotes a collection of technologies that can be used to stimulate development. Steinberg (2003) suggests that ICT is highly 
versatile and can help support development efforts if employed judiciously. It appears that when countries develop their 
capacity to use and implement ICTs in innovative ways, they may increase their ability to develop their economies. Roller 
and Waverman (2001), suggest that growth rates of countries increase as a result of their ICT investments. Freeman (2004) 
goes a step further to suggest that technological infrastructures can give absolute comparative advantage to countries. While 
the existence of ICT infrastructures could potentially enable countries to grow, it is their innovative uses by people that 
enable the success of these investments to be realized (Warschauer 2003, Steinberg 2003). This means that the skills 
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available in a country are important when assessing the ability to use ICT infrastructure to develop economies. This paper 
considers the key variables of ICT infrastructure, skills and growth rates to arrive at a classification of countries based on the 
characteristics of these three variables. As there is no accepted taxonomy of emerging economies according to Samoilenko 
(2008), this classification enables us to arrive at grouping of emerging economies based on factors we know affect their 
growth. The question posed in this paper is: what are the groupings of countries whose ICT capacity can bring about 
development? A related question that we investigate is: what are the groups of emerging economies? In order to investigate 
these questions, we carry out a multivariate k-Means cluster analysis of the 183 countries that are part of the International 
Telecommunication Union’s study on measuring the Information Society (ITU 2007). Using this multivariate cluster analysis 
technique to investigate a dataset of 183 countries, this paper arrives at a categorization of these countries. This resulting 
taxonomy develops the construct of ICT capacity to include ICT infrastructures and skills. It maps countries based on their 
ICT capacity and growth. These findings take us a step further in being able to classify countries whose ICT capacity can 
bring about development. 
THEORETICAL BACKGROUND 
We develop this theoretical background to provide the sensitivity and insight into the choices we make during the clustering 
analysis and in our categorization of the clusters. As can be seen from the analysis, our clusters indicate that there are 
different types of emerging economies. Our theory provides us with the development of the characteristics of these clusters. 
This is an innovative use of clustering which we hope will enable further studies in this area. Countries whose economies fall 
into the category of emerging economies varying from very big to very small, are usually considered emerging because of 
their developments and reforms and also because they have begun to open up their markets and "emerge" onto the global 
scene. An emerging economy can be defined as a country that satisfies two criteria: a rapid pace of economic development, 
and government policies favoring economic liberalization and the adoption of a free-market system (Arnold & Quelch 1998). 
Some EMEs can be characterized as transitional when they are in the process of moving from a closed to an open market 
economy while building accountability within the system. This is characteristic of post communist countries that are pursuing 
trade liberalization policies. The International Finance Corporation (IFC, 1999) currently identifies 51 rapid-growth 
developing countries in Asia, Latin America, Africa, and the Middle East as emerging economies. To these “fast followers” 
13 transition economies in the former Soviet Union, following the classification of the European Bank for Reconstruction and 
Development (EBRD 1998) are also added.  
As an emerging market, a country is embarking on an economic reform program that will lead it to stronger and more 
responsible economic performance levels, as well as transparency and efficiency in the capital market (Heakal 2003). An 
EME will also reform its exchange rate system because a stable local currency builds confidence in an economy, especially 
when foreigners are considering investing. Exchange rate reforms also reduce the desire for local investors to send their 
capital abroad (capital flight). Besides implementing reforms, an EME is also most likely receiving aid and guidance from 
large donor countries and/or world organizations such as the World Bank and International Monetary Fund. Heakal (2003) 
identified one key characteristic of the EME which is an increase in both local and foreign investment. A growth in 
investment in a country often indicates that the country has been able to build confidence in the local economy. Moreover, 
foreign investment is a signal that the world has begun to take notice of the emerging market, and when international capital 
flows are directed toward an EME, the injection of foreign currency into the local economy adds volume to the country's 
stock market and long-term investment to the infrastructure. For foreign investors or developed-economy businesses, an 
EME provides an outlet for expansion by serving, for example, as a new place for a new factory or for new sources of 
revenue. For the recipient country, employment levels rise, labor and managerial skills become more refined, and a sharing 
and transfer of technology occurs. In the long-run, the EME's overall production levels should rise, increasing its gross 
domestic product and eventually lessening the gap between the emerged and emerging worlds (Samoilenko 2008, Heakal 
2003). 
The capacity of a country's information and communication technology infrastructure can potentially decrease the digital 
divide and stimulate growth if coupled with adoption as it relates to local needs. Even though IT capacity is an important 
component of development, it is rarely discussed in the literature. Adam and Urquhart (2007) define IT capacity building as 
the process of creating or enhancing local human and organizational abilities to use IT to perform specific tasks in 
organizations in order to attain organizational objectives, and it is based on the idea of human capital.” They add that three 
major conditions are necessary for capacity building to take place: (a) an enabling environment with appropriate methods, 
tools, policies, and legal framework; (b) an institutional development that supports community participative development 
efforts; and (c) human resources development through training and education. It appears that the uptake and use of ICTs is 
affected by the level of education and skills sets available to do so. The importance of human and social capital to enable ICT 
investments to succeed has been stressed by a number of authors (Hosman, Fife  and Armey 2008, Bollou, and Ngwenyama 
2007, Adam and Urquhart 2007, Kottemann, J. E. and K. M. Boyer-Wright 2009). Where there appears to be a positive 
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relationship between countries in which ICT investments are connected to a rising human development index and education 
(Bollou, and Ngwenyama 2007, Diaz Andrade and Urquhart 2008, Kottemann and Boyer-Wright 2009). 
It appears therefore that the social capital in a country affects its ability to develop using its ICT investments (Díaz Andrade 
and Urquhart 2009, Hosman, Fife  and Armey 2008)  The levels of education in a country can affect the level of utilization of 
ICT capacity while at the same time may also marginalize groups of people from the opportunities made possible by ICT. 
The concept of information literacy has been used to denote people who are able to interact using ICTs (Queau 2002; Stoler 
2001). This suggests that a new culture is emerging of ‘information literacy’ through online interactions comprised of visual 
representations and mental images that can potentially increase the disparities between people who are part of this culture in 
industrialized countries and those who are not, as well as within societies themselves (Queau 2002, Norris 2001). In 
particular, countries access to information, expertise and knowledge is a key determinant of those able to participate in this 
global economy supported by multiple types of Information Communication and Technology (ICT) infrastructures. In his 
book, the “Runaway World”, Giddens (2003) suggests that information literacy is paramount for those wanting to survive in 
this interconnected world. He suggests that the more science and technology intrude into our lives, the more active or 
engaged our relationship to it becomes. International development agencies highlight problems of exclusion from the 
knowledge economy where know-how replaces land and capital as the basic building blocks of growth (Norris 2001, UNDP 
2003, World Bank 2003).  
Economic growth is deemed to be a desirable outcome of ICT infrastructures in a country (Bollou, and Ngwenyama 2007, 
Diaz Andrade and Urquhart 2008, Kottemann and Boyer-Wright 2009, Hosman, Fife and Armey 2008). Authors such as 
Roller and Waverman (2001) suggest that there is a positive impact of ICT on economic growth and development. While it 
appears that these constructs are related, the direction of this correlation is not clear - whether an increase in GDP growth 
brings about development or is it an increase in ICTs that bring about GDP growth. According to Schumpeter’s (2002) theory 
of economic development, innovations, such as Information Technologies, can enable an economy to stimulate growth. He 
also suggests that education has the effect of increasing the ability of factors of production to generate income and growth. 
He suggests that through technical and organizational progress, development takes place as knowledge progresses. New 
technical innovations can bring about development if they offer opportunities for new enterprises. This has been further 
studied by Kosempel (2007) who found that knowledge and technology bring about economic development. Additional 
researchers have found that technological infrastructures do increase the competitiveness of countries (Freeman 2004, Roller 
and Waverman 2001, Goransson and Soderberg 2005, Narayan and Sun 2007, Bandias and Vemuri 2005). 
These studies are consistent with findings by Kamal et al (2008) on the effect of IT capacity on economic development. They 
illustrate the relationship between ICT infrastructure and skill development and vice versa. Kamal et al (2008) found that ICT 
infrastructure brings about an increase in skills measured in terms of adult literacy rates and enrollment from primary to 
tertiary. This paper goes a step further by investigating the characteristics of countries in which certain key variables known 
to effect development in emerging economies are considered. We suggest that ICT infrastructure and skills are connected to 
high economic development and carry out a multivariate cluster analysis to identify these characteristics. The following 
section describes the methodology used to categorize the countries based on the key determinants. 
METHODOLOGY 
Cluster analysis enables us to discover structures in data without explaining why they exist. Given that we know that there 
are certain determining factors affecting the growth of emerging economies: ICT infrastructure/network, skills and economic 
development, this technique will help us to develop a t of the countries based on these factors. As we already have developed 
hypothesis, a k-Means clustering technique will be used. We posit that there are distinct groupings of countries in which 
growth rates may be associated with high ICT infrastructures and skills. We hypothesize that increases in ICT 
infrastructure/networks and skills are associated with increases in economic growth. The model describing the relationships 
between these constructs and the hypothesis were developed and published in Kamal et al (2008). The cluster analysis (Hair 
et al., 2006) using SPSS version 15 was done on data obtained from the latest release of the ITU report (2007). The report 
provides telecommunications data on 183 countries world-wide from 2001 to 2005. The three major constructs that were used 
for analyzing the results of the cluster analysis are described below. 
 ICT infrastructure/networks: According to the ITU (2007) report, ICT infrastructure/network was measured based on 
penetration rates of fixed telephone lines, mobile cellular subscribers and international internet bandwidth. Both, fixed 
telephone lines and mobile subscribers, are widely recognized as key indicators to measure the basis of a country’s 
telecommunication/ICT infrastructure.  
 Skills: The ITU (2007) report uses data on skills obtained from UNESCO. The skills construct is measured using data on 
enrolment in primary, secondary and tertiary segments of the educational system. The justification behind using 
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enrolment and literacy indices is that they represent the best available indicators to reflect the degree to which 
knowledge-based inputs enhance awareness to ICT goods and services which in turn, impact on access and usage. 
 Growth: In this study, we use numbers for the annual growth rates as an indicator of overall economic performance of 
each country. This data is also available through the ITU (2007) report. 
Since the data provided in the ITU report gave values for the above constructs from 2001 to 2005 for each of the 183 
countries, the first step was to take their averages in order to use the data for the cluster analysis. In other words, the average 
values for networks from 2001 to 2005 for each country was computed. In a similar fashion, the average values for skills 
were calculated. The average annual growth rates from 2001 to 2005 were already provided in the ITU report. The next step 
entailed taking the average values of the three constructs into SPSS to conduct a hierarchical cluster analysis. The range of 
cluster solutions selected for the test was from 2 to 5. Since our sample comprised of 183 countries, we came to the 
conclusion that having a minimum of 2 cluster solution and a maximum of 5 cluster solution would be appropriate. Before 
the cluster analysis test was run, all the data were standardized. On conducting each of the hierarchical cluster analysis tests 
for each cluster segmentation i.e. 2 cluster solution, 3 cluster solution, 4 cluster solution, and 5 cluster solution, it was seen 
that one of the countries from the sample data, namely, Afghanistan always seemed to fall into a cluster all by itself. 
Afghanistan was deleted from the data set as it existed alone in a cluster all by itself provides no meaningful insight or value 
to the research question being addressed in this study. The sample size then became 182. With the new updated sample set of 
182 countries, the hierarchical cluster analysis test was re-run for each of the 2 cluster, 3 cluster, 4 cluster, and 5 cluster 
solutions. The outputs obtained from the hierarchical cluster analysis provided the authors with groupings of sets of countries 
for each of the 2, 3, 4, and 5 cluster solutions. The next phase was to determine which cluster solution would be the best 
solution to address the research question. In order to determine this, the authors performed non-hierarchical cluster analysis 
once again using SPSS. A K-means cluster was carried out. In this test, variables that represent ICT infrastructure, skills, and 
economic development, respectively, are tested for each of the 2, 3, 4, and 5 cluster solutions to see whether they are all 
significant for each of the cluster solutions or not. If any of the variables are not significant for any of the cluster solutions, 
then that cluster is not considered. It was seen from the K-means cluster tests that the annual growth rate variable 
representing the economic development construct was found to be not significant for the 2 cluster (p-value = 0.676) as well 
as the 3 cluster (p-value = 0.706) solutions. Hence, the 2 cluster and 3 cluster solutions were discarded. All three variables 
representing the three constructs of ICT capacity, skills, and economic development were found to be significant for the 4 
and 5 cluster solutions. The following section gives the results of the cluster analysis phase and also the related 
interpretations from the cluster analysis groupings of the countries. 
RESULTS 
The hierarchical and non-hierarchical cluster analysis tests showed that the 4 cluster and 5 cluster solutions provide the best 
grouping of the sample of 182 countries based on the three constructs of ICT infrastructure/network, skills (measured through 
adult literacy and enrollment rates), and economic development (measured through annual growth rate). It was seen that all 
three variables were significant for each of the 4 and 5 cluster solutions. Tables 1 and 2, show the effect of all three variables 
in the 4 and 5 cluster solutions respectively. 
Table 1. Effect of variables on 4 – cluster solution 










29519.294 3 522.686 178 56.476 .000 
AVG 
Networks 
815927.967 3 1642.748 178 496.685 .000 
AVG Skills 27857.397 3 569.488 178 48.917 .000 
 Table 2. Effect of variables on 5 – cluster solution 
ANOVA Cluster Error F Sig. 
  Mean Square df 
Mean 





26989.829 4 416.026 177 64.875 .000 
AVG 
Networks 
640128.051 4 1015.146 177 630.578 .000 
AVG Skills 29326.834 4 382.112 177 76.749 .000 
As can be seen from the above Tables 1 and 2, there is a significant correlation between the 4 and 5 cluster solution. This 
suggests that there is a significant relationship between the three variables. This relationship is further considered in the 
analysis of the clusters.  A choice then had to be made regarding selecting between the 4 cluster solution or the 5 cluster 
solution for farther analysis. This choice was made after looking at the groupings of countries distributed in each of the 
clusters for both the 4 and 5 cluster solutions. Tables 3 and 4 give the distributions of countries in each cluster within the 4 
and 5 cluster solutions respectively. The 5 cluster analysis solution was chosen as the level of granularity was higher and the 
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similarity between the countries in each cluster was more distinct. It also enabled us to arrive at a more cohesive set of 
groupings for our categories. The set of countries in each of the clusters of the 5 cluster solution are given in the appendix. 

















In order to arrive at the key characteristics of the clusters, we conducted an analysis of the countries in each cluster and 
identified their key characteristics. The 5 cluster solution provided us with some very distinct categories and also enabled us 
to extract distinct characteristics based on their ICT infrastructure/network, skills, and growth rates. The characteristics of 
each of these groupings are illustrated in the following sub-sections. 
Cluster 1 (Average skills, average growth, average networks): A total of 65 countries from Eastern Europe, Latin America 
and Asia were clustered in this first solution. The characteristics of the countries in this cluster were closest to the World 
Bank definition of emerging economies. Countries close to the center of this cluster are Mexico, Suriname, Lebanon and 
Bosnia while countries such as Croatia, Latvia, Jamaica and Bahrain were closer to the periphery of this cluster. All the 
countries in this category are illustrated in the appendix. They have slightly below average growth rates as well as average 
amount of ICT network infrastructure within a specific country.  Table 5 compares clustering variable values for cluster 1 
with the average values for all countries in all clusters. As can be seen from table 5, the average growth rate and networks for 
Cluster 1 are slightly below the average for the whole dataset.  While the average skill level for the countries in cluster 1 is 
slightly higher than that of the entire dataset. The ratio of networks to skills in cluster 1 is 1:1 which suggests that the 
investments in network infrastructure and skills are even in the countries representative of this cluster and can enable income 




Table 5. Cluster 1 compared with total averages for all countries 
Cluster 2 (High growth, low skills, low networks): Only 6 countries came together in this cluster. They were Bhutan, 
Comoros, Eritrea, Guinea-Bissau, Micronesia and S. Tomé & Principe. A distinctive characteristic of these countries is that 
they have very high growth rates; almost four times the average of the entire dataset. However, the skill levels are very low 
and the available ICT infrastructure/network is a fraction of the average of the entire dataset. Table 6 compares clustering 
variable values for cluster 2 with the average values for all countries in all clusters.  This implies that the high growth rates in 
these countries are not attributable to ICT infrastructures or the skill levels in these countries. It appears that economic 





Table 6. Cluster 2 compared with total averages for all countries 
Cluster 3 (Average growth, low network, low skills): This cluster had 71 countries grouped into it. The countries in this 
group came from Africa, Latin America, Asia and the Middle East and can be seen in the appendix. Countries at the center of 
this cluster are Ghana, Zimbabwe, Bangladesh and India, while countries towards the periphery are Algeria and Cuba. All the 
countries that clustered in this group portray average growth, very low ICT infrastructure and skills. Table 7 compares 
clustering variable values for cluster 3 with the average values for all countries in all clusters. 
Growth rate  
(average) 
Networks (average) Skills (average) 
All Cluster 1 All Cluster  1 All Cluster 1 
55.78 47.32 117.98 104.70 101.12 114.28 
Growth rate  
(average) 
Networks (average) Skills (average) 
All Cluster 2 All Cluster  2 All Cluster 2 
55.78 186.58 117.98 16.17 101.12 72.52 
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Table 7. Cluster 3 compared with total averages for all countries 
Cluster 4 (High networks, average skills, average growth): 28 countries clustered into this group have extremely high 
levels of available ICT infrastructure. Countries in this cluster include the United States, Taiwan, Italy, Singapore, Aruba, 
Australia and Spain. These countries have a slightly above average level of skill in their labor force but average growth rates. 
Table 8 compares clustering variable values for cluster 4 with the average values for all countries in the dataset. The countries 
in this cluster have highly saturated ICT infrastructures. These countries are not producing sufficient skilled labor to work 
with the available ICT infrastructure/network. It appears that greater levels of skills are needed to utilize the ICT 
infrastructures if growth rates are to be increased. Awareness of the potential power of ICTs need to be provided to people in 
these countries starting from the school level and moving up to the secondary and tertiary levels to enable them to acquire the 





Table 8. Cluster 4 compared with total averages for all countries 
Cluster 5 (Very high networks, average growth, average skills): All 12 of the countries in this cluster have invested 
heavily in setting up widespread ICT network infrastructures. Their growth rates are average and their stock of skilled labor 
force is slightly above average. There is a gap between the very high levels of their ICT infrastructure and their growth rates. 
Countries in this cluster include Hong Kong – China and the developed countries of Europe. The Netherlands and Norway 
are close to the center of this cluster while Ireland and Denmark are closer to the periphery. Table 9 compares clustering 
variable values for cluster 5 with the average values for all countries in all clusters. These economies seem to be saturated in 
terms of their available ICT network infrastructures. It appears that despite their growing skill levels, their ICT infrastructure 




Table 9. Cluster 5 compared with total averages for all countries 
COMPARATIVE CLUSTER ANALYSIS 
This section considers the differences and similarities between clusters and arrives at a description of the key characteristics 
of countries that are able to grow through their ICT infrastructure/network. The countries in cluster 1 had the lowest growth 
rates of all the countries in the dataset.  The small countries in cluster 2 had the highest growth rates in the dataset but had the 
lowest level of ICT infrastructure. The countries in clusters 4 and 5 had the highest levels of skills and ICT infrastructures. It 
appears that while growth rates may not be necessarily dependent upon ICT infrastructure and Skills, high levels of 





Table 10. Average growth comparisons between each cluster 
It is evident from the clustering characteristics of the countries that the growth rates of the countries do not have a clear 
connection with available ICT infrastructures within those countries. The ratio of networks to skills in cluster 1 is 1:1, 
whereas this ratio in cluster 2 is 1:5, in cluster 3 is 1:3, in cluster 4 is 2:1 and in cluster 5 is 3:1 approximately. The countries 
in clusters 1 and 3 represent emerging economies as they are low to middle income countries. They have average growth 
rates but very different levels of networks and skills. Countries in cluster 1 display higher networks and skills than countries 
Growth rate  
(average) 
Networks (low) Skills (low) 
All Cluster 3 All Cluster  3 All Cluster 3 
55.78 53.52 117.98 25.49 101.12 72.80 
Growth rate  
(average) 
Networks (average) Skills (average) 
All Cluster 4 All Cluster  4 All Cluster 4 
55.78 55.24 117.98 265.80 101.12 133.18 
Growth rate 
(average) 
Networks (average) Skills (average) 
All Cluster 5 All Cluster  5 All Cluster 5 
55.78 50.86 117.98 443.00 101.12 137.00 
Cluster 1 2 3 4 5 
Growth 
rate 
47.32 186.58 53.52 55.24 50.86 
Networks 104.70 16.17 25.49 265.80 443.00 
Skills 114.28 72.52 72.80 133.18 137.00 
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in cluster 3. We posit that if it is the innovative uses of technologies that may effect growth, then the skill levels in the 
emerging economies that affect their ability to growth from their ICT infrastructures/networks. It has been suggested that the 
benefits of ICTs in emerging economies arise from supporting rather than replacing labor productivity (Roztocki and 
Weistroffer 2008, Bollou and Ngwenyama 2008, Stoler 2001; Queau 2002, Qureshi et al. 2007). It then appears that the skills 
variable might have some sort of a moderating effect on the way in which these countries were grouped. In order to 
investigate this further, the authors performed a correlation test using SPSS amongst the three clustering variables of ICT 
infrastructure/network, skills, and growth rates. Table 11 shows these results. 
Table 11. Clustering variable Correlations 
Table 11, illustrates a significant correlation between skills and networks. The results of this table suggest that there is a 
significant correlation between the networks and skills variables of 0.690 for all the countries in the sample. This means that 
a change in networks correlates to a change in skills. A recent study by Kamal et al (2008) also found evidence to support this 
relationship, and in addition, they state that the relationship is bi-directional. Their analysis suggests that an increase in skills 
lead to an increase in networks, uptake of ICTs and intensity of use. It appears that an increase in education leads to an 
increase in the uptake and use of ICT while the existence of ICT networks measured in terms of internet, phone and mobile 
phone subscriptions enables greater literacy to be achieved. Given these results, we propose the construct ICT Capacity to 
comprise ICT infrastructure/networks and skills. We analyze ICT capacity in emerging economies in the following section.   
ANALYSIS OF ICT CAPACITY IN EMERGING ECONOMIES 
While capacity building is a general concept that frequently addressed in the development literature, Adam and Urquhart 
(2007) suggest that there has been no research done on IT capacity building that focuses on the industrial sectors of 
developing countries. In this section we attempt to address this gap by answering the question:  what are the groupings of 
countries whose ICT capacity can bring about development? The analysis of this paper this far has revealed that ICT 
infrastructure/networks and skills appear to effect the clustering of countries. This makes sense as a country’s education 
could be seen to play an important role in enabling growth from ICT infrastructure/networks. Research has shown that the 
development of human resources in a country appears to be related to its growth (Kottemann  and Boyer-Wright 2009, Díaz 
Andrade and Urquhart 2009). This is supported by researchers who suggest that without the build-up of necessary skills 
through proper education, there will be an ever increasing gap between people who are part of this culture in industrialized 
countries and those who are not (Samoilenko 2008, Roztocki and Weistroffer 2008, Norris 2001; Stoler 2001; Queau 2002; 
UNDP 2003, World Bank 2003, Qureshi et al 2007). Since both Networks and Skills move in the same direction, the 
construct ICT Capacity can include both these variables. In this section we consider the clusters in which the emerging 
economies grouped together and assess their ability to grow from their ICT capacity. The existence of developed ICT 
infrastructures appears to enable skill sets to be developed and harnessed. In this section we illustrate how emerging 
economies can become beneficiaries of the infrastructure and skills.  
Our second question: what are the groups of emerging economies? is answered by classifying clusters 1 and 3. Our cluster 
analysis reveals that the highest percentage of countries are grouped in cluster 1 (37%) and cluster 3 (39%) are emerging 
economies. The countries in both of these clusters fit the description of emerging economies as they are low to middle 
income countries and fit the description provided by Arnold & Quelch (1998). In addition, the results from the cluster 
analysis performed tell us which countries in each cluster are most representative of the characteristics of that cluster. This 
can be deduced from each country’s distance from the center of each cluster. In statistical terms, lower the value for the 
distance of the country to the center of the cluster, more representative it is of the membership to that cluster. This clustering 
is illustrated in Figure 1. 
 Average Annual Growth 
rate Average Networks Average Skills 
Average annual growth rate Pearson Correlation 1 -.096 -.116 
  Sig. (2-tailed)  .195 .120 
  N 182 182 182 
Average Networks Pearson Correlation -.096 1 .690(**) 
  Sig. (2-tailed) .195  .000 
  N 182 182 182 
Average Skills Pearson Correlation -.116 .690(**) 1 
  Sig. (2-tailed) .120 .000  
  N 182 182 182 
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Figure 1: Economies according to Growth and ICT Capacity 
Since the majority of the countries in the dataset resided in either cluster 1 or cluster 3, we decided to investigate them 
further.  In order to illustrate the characteristics of these clusters, we use examples from the countries closest to the center of 
each cluster. In the case of cluster 3, Zimbabwe had the lowest value for the distance to the center of the cluster and hence the 
most representative of the group of countries in cluster 3. The general characteristics of cluster 3 are that countries in this 
group portray average growth, very low ICT infrastructure and skills. According to the World Bank (2003) classification, 
Zimbabwe is a low income country. Or in other words, Zimbabwe is a developing country. The following excerpt from the 
World Bank provides contextual insight supporting the statistical results into the conditions in Zimbabwe that makes it a 
member of cluster 3.  
“In an effort to rapidly improve equity following independence in 1980, Zimbabwe gave priority to human resource 
investments and support for smallholder agriculture. As a direct consequence of these initiatives, smallholder agriculture 
expanded rapidly during the first half of the 1980s and social indicators improved quickly. For example, between 1980 and 
1990 child malnutrition fell from 22 percent to 12 percent and life expectancy increased from 56 to 64. By 1990, Zimbabwe 
had a lower infant mortality rate, higher adult literacy and higher school enrollment rate than the average for developing 
countries. However, this success in improving social indicators was not matched by economic growth, and hence 
expectations for rising living standards have only partially been fulfilled. Since independence, economic growth (averaging 
2.5 percent per annum) has not kept pace with population growth, and employment growth has not been adequate to absorb 
the number of new entrants to the work force. Moreover, the earlier gains in smallholder agriculture have not been 
sustained.”(World Bank, 2003). 
Zimbabwe an LDC according to UNCTAD, has the following characteristics: 1) low income, in the light of a three-year 
average estimate of the gross national income per capita (under $750 for cases of addition to the list, above $900 for cases of 
graduation); 2) weak human assets, as measured through a composite Human Assets Index; and 3) economic vulnerability, as 
measured through a composite Economic Vulnerability Index“. Additional characteristics identified in this cluster were very 
low ICT capacity measured in terms of networks and skills. The ratio of networks to skills is a factor of 1:3. This explains 
why increases in education do not bring about increases in growth. This suggests that for a cluster 3 country to grow, its 
network infrastructure needs to be stimulated. 
For cluster 1, Macedonia, St. Vincent, and Brazil all had the lowest values for the distance to the center of the cluster. We 
chose Brazil as the most representative country from cluster 1. According to the World Bank classification, Brazil is an upper 
middle income country also representative of an emerging economy. Our clustering reveals that countries in cluster 1 have 
slightly lower than average growth rate and networks. While the average skill levels for countries in cluster 1 is slightly 
higher than the average for the entire dataset. This suggests that the skilled labor force being developed in those countries is 
not fully being supported by the level of ICT infrastructure needed for growth to take place. Some evidence from Brazil as 
outlined below help to understand why this is the case.  
Cluster 2  
Comoros, Micronesia,  
S. Tomé & Principe, 
Guinea-Bissau, 
Bhutan, Eritrea 
Mongolia, Tonga, Algeria, Myanmar, Niger, 
Kyrgyzstan, Burkina Faso, Cuba, Chad, Tajikistan, 
Nigeria, Libya, Turkmenistan, Somalia, Mali, Yemen, 
Burundi, Cape Verde, Sudan, Armenia, Guinea, 
Ethiopia, Guatemala, Namibia, Central African Rep., 
Uzbekistan, Syria, Iran (I.R.), Zimbabwe, Cameroon, 
Ghana, Congo, Zambia, Kenya, Haiti, Lao P.D.R., 
India, Uganda, Tanzania, Cambodia, Nepal, Vanuatu, 
Mauritania, Malawi, Bangladesh, Madagascar, 
Swaziland, Equatorial Guinea, Nicaragua, Benin, 
Djibouti, Lesotho, Gabon, Indonesia, Solomon 
Islands, Sri Lanka, Mozambique, Honduras, Morocco, 
Senegal, D.R. Congo, Pakistan, Rwanda, Egypt, 
Cluster 3 
Russia, Albania, New Caledonia, Dominican Rep., 
Georgia, Oman, Tunisia, El Salvador, Guyana, 
Maldives, Fiji, Belarus, Moldova, Romania, Kazakhstan, 
Chile, Bulgaria, Puerto Rico, Palestine, Azerbaijan, 
Seychelles, Paraguay, Peru, Poland, Philippines, Brunei 
Darussalam, Bolivia, Botswana, TFYR Macedonia, St. 
Vincent, Brazil, Lebanon, Mexico, Bosnia, Costa Rica, 
Malaysia, Uruguay, Trinidad & Tobago, Belize, 
Colombia, Turkey, Venezuela, Mauritius, French, 
Polynesia, Argentina, Suriname, Saudi Arabia, Kuwait, 
Grenada, Serbia and Montenegro, China, Thailand, 
Panama, Ukraine, Jordan, Ecuador, South Africa, 
Bahamas, Qatar, Bahrain, Croatia, United Arab 
Emirates, Lithuania, Latvia, Jamaica 
Cluster 1 
Macao China, Czech Republic, 
Spain, Aruba, Australia, Italy, 
Virgin Islands (US), Canada, 
Singapore, France, Taiwan China, 
Iceland, Finland, Estonia, United 
States, Slovenia, Israel, Malta, 
Portugal, New Zealand, Korea 
(Rep.), Antigua & Barbuda, 
Greece, Slovak Republic, Japan, 
Barbados, Cyprus, Hungary, 
Cluster 4 
 
Hong Kong China, Luxembourg, 
United Kingdom, Netherlands, 
Norway, Belgium, Germany, 
Switzerland, Austria, Denmark, 
Ireland, Sweden 
Cluster 5 
Low     ICT Capacity      High 
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“The 2004-2007 Country Assistance Strategy (CAS) identified four major challenges that Brazil faced in achieving inclusive 
and sustainable growth. On two of these, improving macro foundations and equity, Brazil made great progress. On the other 
two, improving competitiveness and environmental sustainability, progress was uneven. Thus, economic stability was 
consolidated and growth was fast for the poor, although overall growth remained relatively slow. The Country Partnership 
Strategy (CPS) identifies a number of risk and measures to address these. The first is that the shift to a state focus might 
weaken engagement with the Federal government (Brazilian Federal Government). Initial experience, however, shows that 
engagement with the Federal government has, if anything increased. The second possible risk is that Brazil's recent successes 
might reduce the appetite for addressing some long-run challenges such as tax reform and social security. The third risk on 
the domestic front relates to the quality of spending, especially of the government's major infrastructure investment program” 
(World Bank, 2003) 
The countries in Cluster 1 are very representative of Brazil as the overall growth is low but the infrastructure and skill levels 
are average for the whole dataset but high compared to other developing countries. The ratio of networks to skills in cluster 1 
is 1:1 which suggests that the investments in network infrastructure and skills are even in the countries representative of this 
cluster. This means that the ICT capacity of the cluster 1 countries can enable income levels to grow. This has the potential to 
make these countries competitive in producing goods and services while remaining stable. Examples of countries in this 
cluster that have managed to create this upward spiral are Chile which is now the world’s largest producer for Salmon 
because of its ability to use ICTs in innovate ways in developing its salmon industry, Malaysia which is producing electronics 
and components for high tech products, and China which is becoming a powerful force in IT innovations such as the world’s 
largest B2B portal which uses the country’s network infrastructure and skills to compete internationally. 
CONCLUSION 
This paper considers the key variables of ICT infrastructure, skills and growth rates to arrive at a classification of countries 
based on the characteristics of these three variables. Following a multivariate cluster analysis of 183 countries comprising a 
dataset from the ITU, a 5 cluster solution was presented. The clusters revealed some very distinct characteristics of countries. 
Contrary to expectations, the analysis suggests that growth may not necessarily be related to ICT infrastructure or skills but 
that the latter two variables are related. This classification included groups of emerging economies that differed in their ICT 
infrastructures and skills while remaining similar in growth and income levels. Moderate to low income levels indicated the 
clusters representing emerging economies. The first question posed in this paper: what are the groupings of countries whose 
ICT capacity can bring about development? was answered by mapping the classified clusters on the basis of their ICT 
capacity and growth. This enabled us to highlight the differences in their ICT capacity. The second question, what are the 
groups of emerging economies? Was through the classification of two clusters of emerging economies with different levels of 
ICT capacity. The contribution of the paper is in the development of the ICT Capacity construct and in uncovering two types 
of emerging economies with two different levels of ICT capacity. This has implications for further investigation of how ICT 
infrastructures are used to develop and source skills from emerging economies.  Further research needs to investigate how 
these variables interact to support global strategies through which skills are sourced. Keen and Qureshi (2006) suggest that 
organizations and some countries utilize ICT infrastructures to develop global sourcing strategies to tap into the skills they 
need from countries where these are available. Further research should consider these global sourcing strategies when 
investigating the ability of countries to grow using the ICT infrastructures. 
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